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Vertical coordinate information is referenced to the North American Vertical Datum of 1988 (NAVD 88). applied to calculate a site-specific measure of taxonomic completeness for macroinvertebrate communities, where taxonomic completeness was expressed as the ratio of observed (O) taxa to those expected (E) to occur at each site. Macroinvertebrate communities were considered degraded at sites were O/E values were less than 0.80, indicating that at least 20 percent of expected taxa were not observed. Sites were classified into one of four classes (undeveloped, adjacent road or highway or both, mixed, urban) using a combination of riparian land-cover characteristics, examination of topographic maps and aerial imagery, screening for exceedances in waterquality standards, and best professional judgment. Analysis of variance was used to determine if site class accounted for variability in mean macroinvertebrate O/E values. Finally, macroinvertebrate taxa observed more or less frequently than expected at urban sites were identified. This study represents the first standardized assessment of biological condition of selected sites distributed across the Eagle River watershed. Of the 73 sites evaluated, just over half (55 percent) were considered in good biological condition (O/E greater than 0.80). The remaining sites were either consistently biologically degraded (30 percent; O/E less than 0.80) or varied annually between good and degraded condition (15 percent; O/E is less than or greater than 0.80). Sites primarily affected by urbanization were among the most severely degraded (lowest O/E values) when compared to other site classes. Although most urban sites were among the most severely degraded (lowest O/E values), a few sites had nearly intact macroinvertebrate communities (O/E near 1.0). Similar observations were noted among sites classified as mixed.
Thirteen macroinvertebrate taxa were identified that occurred more or less frequently than expected at urban sites. Additionally, six other taxa were impartial (tolerant) to the same conditions. Combined, these 19 taxa provide an opportunity to enhance the interpretation of future studies in the Eagle River watershed, but will require better insight into the responses of these taxa to specific stressors. Understanding the sources of variability affecting biological condition along with why some sites expected to be degraded, but showed otherwise, will have clear implications for mitigation efforts. Integrating results of this study with field and laboratory investigations will greatly enhance the ability to identify causal factors affecting biological condition at degraded sites, the logical next step. Information generated from such integrative studies will be imperative for well targeted mitigation efforts in the Eagle River watershed.
Introduction
Eagle River, a tributary of the Colorado River, drains an area of approximately 970 square miles (mi 2 ) in Colorado flowing from the Continental Divide through Red Cliff, Minturn, Avon, Edwards, Wolcott, Eagle, and Gypsum ( fig. 1) , and continues downstream approximately 6 miles to the confluence with the Colorado River at Dotsero. Several environmental factors that affect the biological condition of streams have been modified to some degree in the Eagle River watershed (for example, surface-water hydrology, water quality, land cover, and riparian area disturbance), where changes are expected to intensify in the future (Bledsoe and others, 2005 of increasing urban development and human population on water quality and the biological condition of regional streams (Deacon and Spahr, 1998) . Current (2010) and expected future development along the Eagle River and Gore Creek corridors could adversely affect water quality and stream biota (Bledsoe and others, 2005; Wynn and others, 2001) .
Several local studies have noted site-specific differences in community structure of fish, macroinvertebrate, and diatom communities in the upper part of the Eagle River watershed (Wynn and others, 2001; Hydrosphere, 2007; Healy, 2008) , but relatively few have made clear connections between observed patterns and specific stressors (Vieira and others, 2005) . Even less is known about factors affecting the biological condition downstream from Avon to the Colorado River.
Local entities are interested in better understanding how specific land-management activities affect the biological and water quality of the Eagle River watershed in order to guide watershed-wide water-resource management. In response to these needs, the U.S. Geological Survey (USGS), in cooperation with the Colorado River Water Conservation District, Eagle County, Eagle River Water and Sanitation District, Upper Eagle Regional Water Authority, Colorado Department of Transportation, City of Aurora, Town of Eagle, Town of Gypsum, Town of Minturn, Town of Vail, Vail Resorts, Colorado Springs Utilities, Denver Water, and the U.S. Department of Agriculture Forest Service (FS), compiled previously collected macroinvertebrate data from the Eagle River watershed. These data were analyzed to assess the biological condition (that is, biologically "degraded" or "good") of selected sites. This assessment of biological condition herein differs from what has been done locally in the past because regionally derived biological assessment tools are now available, which facilitates quantitative predictions of the loss of biological diversity in Eagle River watershed streams based on regional reference conditions. This study represents the first standardized assessment of biological condition of selected sites within the Eagle River watershed.
Purpose and Scope
This report presents a macroinvertebrate-based assessment of biological condition using a compilation of macroinvertebrate data collected by USGS and FS from up to 73 sites in the Eagle River watershed between 2000 and 2007. Data were compiled from independent studies; therefore, all data types were not collected in all years at all sites. The objectives of this report were to (1) assess the biological condition of selected sites in the Eagle River watershed using macroinvertebrate communities and (2) evaluate whether the dominant types of land cover were associated with biological condition. Additionally, short-term annual variability (3 to 5 years) in observed taxa to those expected (O/E) values was described and macroinvertebrate taxa that occurred more or less frequently than predicted at urban sites were identified. All macroinvertebrate data evaluated in this report, as well as some accompanying diatom data not presented in this report, are documented in Zuellig and Bruce, (2010) , available online at http://pubs.usgs.gov/ds/5021.
Study Area
Several previous studies provide a detailed description of the Eagle River watershed study area (for example, Bledsoe and others, 2005) . In brief, the Eagle River watershed (ERW) drains approximately 950 mi 2 where the river flows north from its headwaters to the confluence of Gore Creek near Avon, then generally west to its terminus where it joins the Colorado River at Dotsero. Major tributaries include Gore Creek, Homestake Creek, Cross Creek, Lake Creek, and Brush Creek ( fig. 1 ). Gore Creek, the largest tributary in the upper part of the watershed, flows through Vail draining approximately 102 mi 2 before it reaches its confluence with the Eagle River near Minturn. Land-surface elevations range from approximately 14,005 to 6,130 ft.
The geology of the ERW is highly variable, which differentially affects water-quality conditions in discrete parts of the watershed. For example, a few tributaries near Wolcott drain highly erosive soils (for example, soils developed within Pierre Shale) that contribute fine sediments to the Eagle River during snowmelt or summertime rainfall events (Bledsoe and others, 2005) . Additionally, the southern part of the watershed (roughly the area upstream from Minturn, fig. 1 ) is part of the Colorado Mineral Belt (Wilson and Sims, 2003) , which has contributed to a multibillion dollar mining industry in Colorado (Tweto, 1979) .
Temperature, precipitation, and streamflow patterns are typical of regional river watersheds in Colorado. Monthly average temperatures typically range from 14 °F in January to 56 °F in July in the Vail area and from 18 °F to 67 °F near Eagle. Precipitation typically ranges from 22 inches per year in the higher elevations to around 11 inches in the lower valleys (National Oceanic and Atmospheric Administration, 2009 ). Much of the precipitation falls in the form of snow throughout the winter months resulting in a snowmelt-driven hydrograph (Bledsoe and others, 2005) . Typically, streamflow increases in early spring as snow melts at lower elevations, peaks around mid June, and slowly recedes throughout the summer months. During late spring through late summer, streamflow is supplemented by a combination of localized high-intensity convective thunderstorms. Base flow is sustained by tributary groundwater when thunderstorms diminish in late summer until the snow begins to melt the following spring. Streamflow is intensively managed throughout the watershed by storing and diverting water for municipal and agricultural use, maintaining minimum instream flow requirements, and snow making for local ski areas.
In 2001, approximately 5 percent of the ERW was considered developed (urban or agricultural) and 95 percent was undeveloped (primarily forested) (U.S. Geological Survey, 2007) . Most developed lands in the watershed generally occur along stream corridors and can account for as much as 35 percent of land cover of stream-side areas (Bledsoe and others, 2005) . Ski tourism and second home development currently are the largest contributors to increases in developed lands in the ERW. Human population in the area is projected to nearly double by 2030 (Colorado Department of Local Government, 2003) , which is expected to increase developed lands along stream corridors (Bledsoe and others, 2005) .
Study Methods
One-hundred twenty-four macroinvertebrate samples col- (table 1) . Data were compiled from various projects and agencies; therefore, not all data types were collected at all sites with the same frequency. For example, some sites were visited only once; whereas, others were visited annually during a 5-year period. Therefore by necessity, various combinations of samples and sites were used to address each objective. Site assessments of biological condition were made by applying an independently developed indicator and establishing a threshold value defining biological degradation.
Data Collection

Macroinvertebrate Sampling
The USGS collected semiquantitative-macroinvertebrate samples during 2000 and 2001 following National WaterQuality Assessment (NAWQA) Program protocols described by Cuffney and others (1993) . In general, five discrete collections were made from riffle areas at each site with a slack sampler equipped with 500-micron mesh and a 2.69 ft 2 (0.25 m 2 ) sampling grid along a pre-defined stream reach (20 times the stream width, Fitzpatrick and others, 1998) . The contents of the five collections were composited, elutriated, and poured through a 500-micron mesh sieve, and preserved with 10-percent buffered formalin in the field. All samples were transported to Chadwick and Associates in Littleton, Colo., where they were processed using methods described by Klemm and others (1990) . All taxa were identified to the lowest practical resolution (genus or species) and enumerated. All USGS macroinvertebrate samples were collected during base-flow conditions during September; some USGS sites were sampled in both 2000 and 2001 (table 1) .
The FS collected macroinvertebrate samples between 2003 and 2007 using methods described by Hawkins and others (2001) (table 1) . In general, eight macroinvertebrate samples were collected and composited from four riffle locations within an 8-ft stream reach (length of stream encompassing four distinct riffle areas) using a surber sampler equipped with 500-micron mesh and a 1-ft 2 sampling grid. Macroinvertebrate samples from each site were composited and preserved in the field and sent to Aquatics Associates, Inc., Fort Collins, Colo., for sample processing following protocols developed by Klemm and others (1990) . Additionally, the FS sampled macroinvertebrate communities from a series of sites along the Eagle River in the upper part of the watershed (table 1, fig. 2, sites 5, 9, 11-12, 17, 22, and 24) . At these sites, five replicate macroinvertebrate samples were collected from a single riffle using a Hess sampler (each replicate represents 0.923 ft 2 of streambed) equipped with 500-micron mesh and preserved separately in the field and sent to Aquatics Associates Inc., Ft. Collins, Colo. for taxa identification and sample processing (Klemm and others, 1990) . All taxa in each sample were identified to the lowest practical resolution (for example, genus or species) and enumerated. All FS macroinvertebrate samples were collected during base-flow conditions during September.
Macroinvertebrate Data Preparation and Comparability
Three adjustments were made to the compiled ERW data in preparation for data analysis. First, taxonomic names used by the different laboratories were harmonized. Second, the laboratory results were composited from the five FS Hess samples (Cuffney and others, 1993; Hawkins and others, 2001) . Third, the raw data counts were standardized for each sample to 300 by randomly resampling individuals without replacement using a personal computer. Such adjustments to raw data counts can help alleviate the effect of varying levels of sampling effort (for example, area sampled in the field or subsample target counts) on estimates of taxa richness (Peterson and Zumberge, 2006) , even when different sampling devices are used (Cao and others, 2005) . Fixed-count adjustments are necessary even if samples are collected using the same method because standardized laboratory subsampling procedures result in a wide range of individuals extracted from each sample, which differentially affects taxa richness across samples (Vinson and Hawkins, 1996) .
Although three different protocols were used to collect the macroinvertebrate data compiled for this study, the differences were considered negligible after the adjustments were made as described in the previous paragraph. For example, all methods targeted riffle habitats, collected multiple samples along a stream reach, scrubbed the overlying substrate within a defined area, disturbed the underlying substrate, and used a similar mesh size (425 or 500 microns). The primary difference among field methods was the area of stream bottom sampled (FS Hess sampler, 4.6 ft 2 ; FS, 8 ft 2 ; USGS, 13.5 ft 2 ). recently aggregated data collected with different sampled areas of stream bottoms (ranged from 7.8 to 13.5 ft 2 ) and found that the ratio of observed (O) taxa to those expected (E) (O/E) values for samples collected from smaller areas were negatively biased by 0.06 units (a relatively small amount). Considering the results of , the lower end of any bias in O/E values evaluated in this study likely is around 0.06 units, although the upper limit of indicator-value bias is unknown. Ideally, data comparability using different methods and laboratories would be evaluated from side-by-side comparisons of samples collected from the same sites at the same time (Taylor and others, 2001) . Such data for side-by-side comparisons were not available for this study so based on previous studies, it was assumed that the above adjustments improved the comparability of these data. Preferably, results from studies such as this one would be generated from data collected using identical field and laboratory methods, which need to be considered for future monitoring efforts in the ERW.
Assigning Site Classes
All 73 sites were classified into one of four classes (table 1; undeveloped, adjacent road or highway or both, mixed, and urban) using a combination of riparian land-cover characteristics, examination of topographic maps and aerial imagery, screening for exceedances in water-quality standards, and best professional judgment. Riparian land-cover characteristics were calculated using a geographic information system (GIS) that included watershed-level topographic and landcover data. Riparian corridors were delineated with a 100-m buffer around all stream segments upstream from each sampling site and land-cover attributes were calculated. Urban sites initially were classified based on the presence of greater than 1.0 percent urban land cover and no agriculture land cover within the riparian corridor; whereas, sites with both urban and agriculture land cover initially were classified as mixed. Sites with no urban or agriculture land cover initially were classified as undeveloped. Undeveloped sites also were screened for known exceedances of State and Federal water-quality standards and adjusted accordingly (that is, sites that exceeded water-quality standards were removed from the undeveloped site class). Initial classifications were verified and adjusted by examination of USGS 7.5-minute topographic maps and aerial imagery for other types of disturbance within two stream segments upstream from each site. Stream segments were defined by the confluence of upstream tributaries. Other types of disturbance included adjacent roads or highways or both (including native-surfaced roads), unimproved road-stream crossings, hydrologic alteration from reservoirs or diversions, logging, mining, or ski-area development activities. After initial urban and undeveloped site classifications were adjusted, all sites with more than one obvious nearby (that is, within two stream segments) upstream disturbance (for example, mining, channelization, wastewater effluent) were classified as mixed. Final adjustments were made using best professional judgment that was based on historical knowledge of each site and FS field notes. The above classification scheme resulted in 18 undeveloped sites, 15 adjacent road or highway sites or both, 26 mixed sites, and 14 urban sites (table 1). See figure 3 for representative photographs of each site class.
Data Analysis
An independently developed predictive model (Paul and others, 2005) was applied to calculate a measure of taxonomic completeness for 124 macroinvertebrate samples collected from 73 sites in the ERW. The model calculated taxonomic completeness as the ratio of observed (O) taxa collected at each site to the taxa that were expected (E) to occur at each site in the absence of environmental degradation (Hawkins, 2006) . Biological condition (that is, biologically "degraded" or "good") was assessed by setting an O/E threshold value to determine biological degradation. Initial assessments were made and summarized across the four subwatersheds of the ERW: Gore Creek, Upper Eagle, Middle Eagle, and Lower Eagle. Biological condition also was summarized across the four land-cover classes (undeveloped, adjacent road or highway or both, mixed, and urban) and analysis of variance was used to determine whether mean macroinvertebrate O/E values were associated with different land-cover classes. Additionally, it statistically was determined which macroinvertebrate taxa occurred more or less frequently at urban sites than predicted using the z-statistic.
Macroinvertebrate Predictive Model
An independently developed predictive model constructed by the Western Center for Monitoring and Assessment of Freshwater Ecosystems (Utah State University, Logan) was applied to the macroinvertebrate dataset. The predictive model is detailed by Charles P. Hawkins The model measures taxonomic completeness represented as the ratio of observed (O) taxa to the taxa that were expected (E) to occur at a site (O/E) in the absence of environmental degradation (Hawkins 2006) . Values of O/E near 1.0 imply that the observed taxa (O) found at a site closely resemble the taxa that were predicted (E) to occur; whereas, O/E values <1.0 implies some degree of biological degradation. The description of constructing and evaluating predictive models are well documented and detailed elsewhere (Moss and others, 1987 Ostermiller and Hawkins, 2004; Van Sickle and others, 2005) , and are not detailed herein. However, a brief summary of the model's performance is provided as detailed in Paul and others (2005) , as well as how the model was applied to the ERW macroinvertebrate data evaluated in this report.
Predictive Model Description and Performance
The predictive model (Paul and others, 2005) was constructed from reference site data collected in Colorado (97 sites) using a variety of sampling methods associated with different programs (for example, U.S. Environmental Protection Agency Environmental Monitoring and Assessment Program, Utah State University Western Center for Monitoring and Assessment of Freshwater Ecosystems Science to Achieve Results program, USGS NAWQA, and CDPHE). The model uses three predictor variables (longitude in decimal degrees, mean annual air temperature in °C × 10, and log 10 watershed area in km 2 ) to generate estimates of E in which O was compared. In general, the model was both accurate and precise, and there was little evidence that the model was biased (under or over predicted E) towards any major river watershed or ecoregion in Colorado (Paul and others, 2005 ). Overall, model performance was comparable or better than most macroinvertebrate predictive models in use in the United States or other countries (Paul and others, 2005) .
Applying the Predictive Model to the Eagle River Watershed Dataset
Two steps were necessary before the model was applied to the ERW data. First, the macroinvertebrate identifications in the ERW dataset were harmonized with the operational taxonomic units (OTU) used to develop the model. Second, climatological data were added to the GIS dataset described earlier that were obtained from PRISM (Parameter-elevation Regressions on Independent Slopes Model) datasets, which represent 30-year (1961-90) climate averages (Spatial Climate Analysis Service, 2004). These data were used to calculate the climate-related predictor variable used as part of the model (that is, mean annual air temperature in °C × 10). Clarke and others, 2003) was used to determine whether the combined predictor variable distributions for each ERW site were within the experience of the model, which provided assurance that the predictive model was appropriate for assessing the biological condition of ERW sites.
The model produced unbiased estimates of E when applied to the ERW data, as mean (1.02) and SD (0.07) of O/E values from ERW reference sites were well within the range of mean (1.00) and SD (0.17) values of the reference sites used to develop the predictive model. Additionally, mean O/E values of ERW reference sites were not statistically distinguishable from 1.0 (p = 0.24) and mean O/E reference site values from the model also were equal to 1.0 (Paul and others, 2005) . Furthermore, of the 73 sites included in this study (table 1), none of the combined predictor variable distributions (longitude in decimal degrees, mean annual air temperature in °C × 10, and log 10 watershed area in km 2 ) were outside the range of the model; therefore, all sites were considered for further analysis.
Assessing Biological Condition
The intent of this investigation was to assess the biological condition of selected ERW sites using macroinvertebrate O/E values; therefore, a threshold was set to define two levels of biological condition: sites where O/E was greater than > 0.80 were considered in "good" biological condition, and sites where O/E was less than < 0.80 were considered biologically "degraded." Several methods for setting thresholds to define degraded biological condition have been suggested (Barbour and others, 1999; Hemsley-Flint, 2000; Clarke and others, 2003; Van Sickle and others, 2005) . Herein, it was assumed that a 20-percent loss of expected taxa (O/E < 0.80) was ecologically meaningful, corresponding with the early stages of environmental degradation described by Davies and Jackson (2006) . From a statistical standpoint, this threshold (0.80) also was near the 10th percentile of model reference site O/E values (0.79); therefore, sites with O/E values below the 10th-percentile value would be statistically distinguishable from reference sites (p > 0.01). Using the 10th percentile value as a threshold for assessing biological condition in this study, reasonably balances between type I and type II statistical errors (that is, balances between calling a reference site degraded when it is not, and calling a degraded site reference when it is not) while indicating an ecologically meaningful loss of taxa (O/E < 0.80). It is emphasized that site assessments of biological condition ("good" or "degraded") made herein are unique to this study and are not directly comparable to assessments made based on other approaches, where degraded biological conditions are defined using different indicators, thresholds, or methods.
Biological assessments were summarized by grouping sites into different subregions of the ERW (fig. 2, table 1 
Comparing Biological Condition Among Site Classes
Test statistics (F, p) were calculated from analysis of variance (ANOVA) to determine if site class (undeveloped, adjacent road or highway or both, mixed, and urban) accounted for variability in mean O/E values using the most recent sample collected at each site (table. 1). Additionally, post-hoc tests of pairwise differences were conducted between site classes based on Bonferroni adjustments of experimental error (SPSS ver. 13.0, SPSS, 2005) . ANOVA and post-hoc tests were considered significant if p < 0.05.
Annual Variability in Observed/Expected
The FS initiated a macroinvertebrate monitoring program in 2004 at selected sites in the Gore Creek watershed in response to stakeholder concerns related to potential effects of excessive sediment deposition along Black Gore and Gore Creeks (Healy, 2008) . As a result, 3 to 4 macroinvertebrate samples were collected at 13 sites annually within the Gore 
Observed and Expected Macroinvertebrate Taxa Occurrences at Urban Sites
Macroinvertebrate taxa that were observed more or less frequently than predicted by the model at urban sites were determined following the methods of Carlisle and others (2008) and , by recording the occurrence frequencies (O f ) of all observed taxa among urban sites, and by calculating expected frequencies (E f ) of occurrence by summing the predicted probabilities of capture for each taxon among all urban sites. If the null hypothesis was true for a given taxon (O f = E f ), then it was observed as frequently as it was predicted; however, O f > or < E f indicates which taxa are observed more or less frequently than predicted among sites. Analysis was limited to the most recent sample collected at each of the 14 urban sites (table 1) . The null hypothesis was tested for each taxon using the z-statistic, . Taxa with z >1.96 were considered to be tolerant increasers if O f >E f or intolerant decreasers if O f <E f . Additionally, taxa that were observed as often as predicted (± one site) were considered to be tolerant of the environmental conditions found at urban classified sites. Reported results were restricted to only those taxa that were predicted or observed at one-half or more of the 14 urban sites. See for details to calculate Variance (O f ).
Macroinvertebrate-Based Assessment of Biological Condition
The number of sites available for assessment varied by subregion as did sampling intensity. The Gore Creek subregion was the most heavily sampled (28 sites, 65 samples), followed by the Upper Eagle (25 sites, 30 samples), Middle Eagle (15 sites, 21 samples), and the Lower Eagle (5 sites, 8 samples) (fig. 4) . Overall, 55 percent of sites (40 sites) were considered in good biological condition; whereas, 30 percent (22 sites) were biologically degraded. The additional 15 percent of sites (11 sites) had O/E values that ranged both above and below the threshold (O/E < 0.80) depending on the year sampled, and mean values for six of those sites were below the threshold. Considering these 6 sites, a total of 38 percent (28 sites) were considered biologically degraded. Also note that of the 73 sites, 36 percent (25 sites) have not been sampled since 2000 or 2001, so it is likely that assessments may not reflect current biological condition at some of these sites. Nonetheless, site assessments are considered a screening tool for determining where in the ERW biological conditions are good or degraded until further investigation confirms otherwise.
These results may underestimate actual taxa loss and sensitivity of O/E values to biological degradation. Sites were considered biologically degraded when more than 20 percent of taxa expected to occur at a site were not observed (O/E < 0.80). By necessity, the model was constructed with relatively coarse taxonomic resolution (for example, taxonomy used in this analysis mostly consisted of genera, some families, midges at subfamily, and few species) (Paul and others, 2005) . As a result, most taxonomic units represented more than one species, which likely varied in their individual tolerance to stressors. Such cases can result in O/E models that are less sensitive to some environmental stressors than would be observed if species level data are used (Hawkins and others, 2000) .
Site Class and Biological Condition
Site classes were determined primarily from adjacent land-cover characteristics. Analysis of variance determined that mean O/E values varied significantly among site classes (F = 12.415, p < 0.001) based on the most recent samples collected at each site. Urban (mean O/E = 0.69) and mixed site classes (mean O/E = 0.76) exhibited the most degraded biological condition (that is, the lowest mean O/E values); whereas, sites in the adjacent road or highway or both class (hereafter, ARH; mean O/E = 0.92) were near conditions found at undeveloped sites (mean O/E = 1.02) ( fig. 5 ). In general, most degraded sites were located along the main stem Eagle River and lower Gore Creek; whereas, sites located at the higher altitudes in the watershed were in relatively good biological condition regardless of site class ( fig. 6 ). Additionally, results remained similar when urban classified sites along lower Gore Creek were removed from the analysis.
In this study, macroinvertebrate communities at urban sites were most severely degraded (that is, these sites had the lowest mean O/E values compared to other site classes), a result that is consistent with many other studies (Paul and Meyer, 2001 , and citations within). Carlisle and Meador (2007) and Carlisle and others (2008) reported similar results using O/E and a similar degradation threshold; however, they classified urban sites differently. In those two studies, sites were classified as urban when upstream watersheds had greater than 10-and 25-percent urban-land cover, respectively. In the study herein, the highest estimates of watershed urbanland cover did not exceed 2.5 percent, yet similar patterns of biological impairment were observed. Most urban-land cover in the ERW is concentrated in or near riparian areas and can account for as much as 35 percent in some segments (Bledsoe and others, 2005) . A recent assessment of wadeable streams in the United States (U.S. Environmental Protection Agency, 2006) indicated riparian vegetated cover disturbance as one of the main stressors increasing the risk of macroinvertebrate impairment and taxa loss in the Western United States. Other primary stressors that increased the risk of biological impairment in western streams included nitrogen, phosphorus, and suspended sediment concentrations. All of these stressors identified in the wadeable streams report (U.S. Environmental Protection Agency, 2006) were independently identified by others (for example, Bledsoe and others, 2005) as concerns affecting the biological integrity of streams in the ERW. Although most urban sites were considered biologically degraded, a few sites had O/E values greater than the degraded condition threshold (sites 47, 57, 69, table 1). In a study of streams in the eastern United States, Carlisle and Meador (2007) observed that some urban sites with intact macroinvertebrate communities (O/E > 0.80) had well protected and established riparian corridors. In this study, there were no anecdotal explanations to describe why macroinvertebrate communities were relatively intact at a few urban sites. Unfortunately, the urban sites where O/E was greater than 0.80 (sites 47, 57, 69, table 1) have not been sampled since 2000-01, so results may not reflect current (2010) biological condition as urban development has increased since that time (2000-01) near these sites. If macroinvertebrate communities at these sites are intact under present-day (2010) land-cover conditions, then further investigation is warranted to better diagnose why these sites remain in good biological condition.
Mean O/E for mixed sites was similar to that of urban sites; however, variation in O/E values was largest when compared to other site classes ( fig. 5 ). This result likely was affected by the inability to isolate the intensity of dominant factors or groups of co-occurring factors that affect biota at these mixed sites in the classification scheme used in this study. Others have suggested (for example, ) that variation in biological condition likely is associated with environmental factors operating at different spatial scales (that is, watershed, segment, and reach). Nonetheless, further investigation into causal factors affecting biological degradation at mixed sites will require better isolation of stressors through a well-planned study design. Understanding why some sites expected to have degraded biological communities (for example, urban and mixed sites), but show otherwise, will have clear implications for managing land use adjacent to streams and ultimately improving biological condition in the ERW at selected sites through mitigation efforts.
Mean O/E values from ARH sites were expected to be lower than undeveloped sites, but they were found to be indistinguishable ( fig. 5 ). This result was somewhat surprising as many of the ARH sites previously were noted as being affected by sediment deposition associated with FS road networks (Laurie, 2003) or Colorado Department of Transportation's road sanding operations during the winter months (December through March) (for example, Black Gore Creek; Healy, 2008) . Effects of sedimentation on macroinvertebrate communities are well documented (Waters, 1995 and citations within), causing significant reductions in macroinvertebrate density, biomass, and diversity (Lenat and others, 1981; Newcombe and MacDonald, 1991; Angradi, 1999) . The results in this report likely were affected by the inability to quantify the intensity of sedimentation at each ARH site in the classification scheme used herein. Other factors potentially affecting macroinvertebrate community response include the degree to which adjacent roads were buffered from adjacent streams by riparian vegetation, or whether disturbed areas associated with roads were directly connected to streams (see Wemple and others, 1996) ; however, neither was quantified in this study. Additionally, O/E measures taxa loss which may not be sensitive enough to indicate the intensity levels of sedimentation that differentially occurred across ARH sites. Furthermore, the most recent samples collected at each site were used in this analysis; and therefore, those samples may reflect sediment mitigation efforts implemented at some of these sites the year the samples were collected (for example, sites along Black Gore Creek) or may be a result of a decreased need to apply traction sand during that year (for example, a milder winter with less snow).
Annual Variability of Observed/Expected
Annual variability of O/E values over a 3-to 5-year period visually differed between undeveloped sites and sites along Lower Gore and Black Gore Creeks ( fig. 7) . Assessments of biological condition at undeveloped sites consistently were above the 0.80 threshold (mean O/E, 1.01; Standard Deviation (SD), 0.07; Coefficient of Variation (CV), 6.85), indicating that these sites were consistently in good condition and stable over the sampling period; whereas, assessments made along Black Gore Creek (mean O/E, 0.85; SD, 0.017; CV, 20.67) and lower Gore Creek sites (mean O/E, 0.67; SD, 0.14; CV, 20.41) were comparatively variable and year depedent (table 2) .
At lower Gore Creek urban sites (table 1, Relatively high annual variability also was observed at most Black Gore Creek sites ( fig. 7, table 2 ). Black Gore Creek sites (table 1, sites 30, 31, 34, and 36) used in this analysis were located along the section of stream listed in 2002 as one of Colorado's impaired waters under the Clean Water Act of 1972 (303d) for sediment deposition (Healy, 2008) . Although most O/E values calculated from these sites were above the impairment threshold, several were below, and a few were among the lowest observed in this study. Potential factors influencing variability in biological condition among years at these sites is possibly associated with interacting annual differences among the amount of traction sand and deicing chemical applied, timing and maintenance of sediment retention basins, sediment control or stabilization projects, or differences in rainfall, snowmelt, and associated stream hydrology. Identifying the sources of variability affecting assessments of biological condition was beyond the scope of this study; however, understanding assessment variability is imperative to mitigation efforts (for example, sediment control efforts currently (2010) being lead by CDOT that began in 2002 (Healy, 2008) so that the uncertainty affecting any future mitigation efforts are minimized. 
Observed and Expected Macroinvertebrate Taxa at Urban Sites
At urban sites, the occurrence of many macroinvertebrate taxa statistically was different than expected ( fig. 8 ). Of the 173 taxa evaluated, 21 were observed or predicted to occur at 7 or more sites (that is, one-half of the total number of urban sites). Of these 21 taxa, 9 were observed less frequently (intolerant decreasers) and 4 were observed more frequently (tolerant increasers) than expected. Additionally, there were six taxa apparently tolerant (nonresponsive) to the conditions at urban sites as they were observed nearly as frequently as predicted. Combined, these 19 taxa provide an opportunity to enhance the interpretation of future studies in the ERW but will require better insight into the responses of these taxa to specific stressors.
In general, the patterns of tolerant increaser (hereafter increaser) and intolerant decreaser (hereafter decreaser) taxa are consistent with the findings of other studies. Many of the decreaser taxa observed belong to groups known to be sensitive (for example, mayflies, stoneflies, and caddisflies), and many of the increasers belong to groups known to be tolerant (for example, Oligochaeta, Turbellaria, Chironomidae) to general disturbance (Barbour and others, 1999) . It is emphasized that these results are specific to this study for a variety of reasons (for example, small sample size, taxonomic resolution, and small geographic scale) and should not be applied outside the ERW until they are further studied. Nonetheless, the list of decreaser taxa ( fig. 8 ) provides a starting point for identifying causal factors at urban sites responsible for degraded biological condition if further effort is made to better understand the ecological requirements of these taxa and their tolerance to more specific stressors. Integrating results of this study with other approaches such as field and laboratory experiments greatly will enhance abilities to identify causal factors associated with degraded biological condition (Clements and others, 2002) . Information generated from such integrative studies will be imperative for well targeted mitigation efforts at urban sites in the ERW.
Summary and Conclusions
Local entities in the Eagle River watershed (ERW) are interested in better understanding how specific land-management activities affect biological communities and water quality in order to guide watershed-wide water-resource use management. In response to these needs, the U.S. Geological Survey (USGS), in cooperation with the Colorado River Water Conservation District, Eagle County, Eagle River Water and Sanitation District, Upper Eagle Regional Water Authority, Colorado Department of Transportation, City of Aurora, Town of Eagle, Town of Gypsum, Town of Minturn, Town of Vail, Vail Resorts, Colorado Springs Utilities, Denver Water, and the Department of U.S. Agriculture Forest Service (FS), compiled previously collected macroinvertebrate data in the ERW from selected USGS and FS studies from 2000-07. Specific objectives were to: (1) assess the biological condition of selected sites in the ERW using macroinvertebrate communities and (2) evaluate whether the dominant types of land cover were associated with biological condition. Additionally, short-term annual variability (3 to 5 years) in O/E values was described and macroinvertebrate taxa that occurred more or less frequently than predicted at urban sites were identified.
Sites were classified into one of four classes (undeveloped, adjacent road or highway or both, mixed, and urban) using a combination of riparian land-cover characteristics, examination of topographic maps and aerial imagery, screening for exceedances in water-quality standards, and best professional judgment.
An independently developed predictive model was used to calculate a measure of taxonomic completeness for 124 macroinvertebrate samples collected from 73 sites in the ERW, where taxonomic completeness was expressed as the ratio of the number of observed (O) taxa collected to those expected (E) to occur at each site in the absence of environmental degradation. These data were analyzed to assess the biological condition (that is, biologically "degraded" or "good") of selected sites. Analysis of variance was used to determine if site class accounted for variability in mean macroinvertebrate O/E values. Macroinvertebrate communities were considered degraded at sites where O/E values were less than 0.80, indicating that at least 20 percent of expected taxa were not observed. This threshold also was statistically based as 0.80 was near the 10th percentile O/E value (0.79) of the distribution of reference site data used to develop the model. Also, macroinvertebrate taxa that increased (tolerant increasers), decreased (intolerant decreasers), or were nonresponsive to conditions at urban sites were identified. It is emphasized that these assessment results are specific to the models used herein and are not directly comparable to assessments made with different indicators, methods, models, or thresholds.
This study represents the first standardized assessment of biological condition of selected sites distributed across the ERW. Of the 73 sites evaluated, just over one-half (55 percent) were considered in good biological condition (O/E greater than 0.80). The remaining sites either were biologically degraded (30 percent; O/E less than 0.80) or conditions were dependent on the year sampled (15 percent; O/E less than or greater than 0.80 depending on the year sampled). These assessments may not reflect current (2010) biological condition because 35 percent (26 sites) of these sites have not been sampled since 2000 or 2001. Nonetheless, site assessments are considered a screening tool for determining where in the ERW biological conditions are good or degraded until further investigation confirms otherwise.
Sites primarily affected by urbanization were among the most severely degraded (urban sites had the lowest mean O/E values) when compared to other site classes. Although most urban sites were among the most severely degraded (that is, lowest mean O/E values relative to other site classes), a few sites had nearly intact macroinvertebrate communities (O/E near 1.0). Similar observations were noted among mixed classified sites. At least some within-class variability was possibly associated with errors inherent to classifying sites (that is, the inability to equally isolate dominate stressors at each site), especially for sites in the mixed class. Nonetheless, understanding why some sites were expected to have degraded biological communities, but showed otherwise, will have clear implications for mitigating biologically degraded streams in the ERB and elsewhere.
Apparent changes occurred in biological condition (that is, from good to degraded) between 2000 and 2004 at urban sites along Gore Creek because nearly all annual samples collected during 2004 to 2007 have indicated degraded conditions. At undeveloped sites, biological condition remained stable during 2000-05, whereas conditions were year dependent at some adjacent road or highway or both (ARH) sites along Black Gore Creek. Understanding the associated causes of annual variability in macroinvertebrate communities among Black Gore Creek sites, as well as apparent biological degradation along Gore Creek, is warranted to effectively target mitigation efforts in the Gore Creek watershed.
Thirteen macroinvertebrate taxa were identified that occurred more or less frequently than expected (that is, 4 taxa were tolerant increasers and 9 were intolerant decreasers) at urban sites. Additionally, six other taxa were impartial (tolerant) to the same conditions (that is, they occurred nearly as often as predicted). Combined, these 19 taxa provide an opportunity to enhance the interpretation of future studies in the ERW but will require better insight into the responses of these taxa to specific stressors. As a starting point, developing a better understanding of the ecological requirements and tolerance to specific stressors of the 9 decreaser taxa can enhance the ability to identify causal factors associated with degraded biological condition, ultimately directing mitigation efforts at urban sites in the ERW.
In conclusion, these results represent the first standardized assessment of biological condition of selected sites in the ERW. More than one-half of the sites sampled were in good biological condition; however, nearly one-third of the sites sampled were considered biologically degraded. In most cases, sites in good biological condition were associated with undeveloped parts of the watershed (higher elevations); whereas, sites primarily affected by urbanization were among the most severely degraded (that is, lowest mean O/E values when compared to other site classes). Understanding the sources of variability affecting biological assessments along with why some sites expected to be degraded, but showed otherwise, will have clear implications for mitigation efforts. Integrating results of this study with other approaches such as field and laboratory experiments will enhance abilities to identify causal factors associated with degraded biological condition. Information generated from such integrative studies will be imperative for well targeted mitigation efforts in the ERW.
